The motion of grain boundary located pores by ~n .evaporation/condensation mechanism has been analyzed, and compared with surface diffusion dominated pore motion. It has been demonstrated that evaporation/condensation becomes important at high temperatures and large pore size·s. A lower bound condition for the separation of pores from two grain interfaces, independent of the pore or grain size, has been identifi~d. Subsequent calculations of the motion of pores attached to three grain ~dges have permitted the prediction of pore/grain size trajectories. The trajectories indicate that the initial pore/grain size ratio must be smaller than a critical value to ensure that pore shrinkage continues and hence,.that a fully dense material ensues .
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INTRODUCTION
The development of microstructure during final stage.sintering is frequently dominated by the motion of pores attached to grain boundaries. 1 Specifically, pores attached to three grain edges may impede, grain growth (by a pore drag mechanism) and thereby, encourage the formation of fi.negrained microstructures 2 .; whereas pores on two grain interfaces are patentially capable of detaching from the associated grain interfaces, resulting in the formation of intergranular pores that substantially retard the approach to final density 3 -8 (and may induce exaggerated grain growth).
The dual role of pores in final stage microstructure development has been analyzed for sintering conditions that encourage pore motion by surface diffusion and pore shrinkage by grain boundary diffusion. 2 ' 3 A more dominant mode of pore motion in certain refractory materials .(that exhibit a high vapor pressure) involves evaporation from the leading pore surfaces and condensation at the trailing surfaces ( fig. 1 ). The intent of the present paper is to examine the potential influence of evaporation/condensation, vis-a ... vis surface diffusion, on the microstructure development process.·
PORE/GRAIN BOUNDARY SEPARATION
Prior studies of pore motion by evaporation/condensation have been restricted to the motion of spherical pores (a dihedral angle.'¥='11") limited by gas diffusion. 9 -The analysis conducted herein emphasizes the evaporation/condensation rate controlled motion of pores with arbitrary dihedral angle.
-2-Pore motion by .evaporation/condensation is motivated by a curvature difference between the leading and trailing pore surface ( fig. 1 ) that results in a modifi~d pressure, ~ , ~t any location over the pore surfaces.
The vapor pressure is characterized by the chemical potential; (l) where Ys is the surface energy, ·R are the principal radii of curvature of the surface, g is the molecular volume and p 0 is the equilibrium ~apor pressure over a flat surface. Since, generally, p ~ p 0 , eqn (1) can be conveniently re~expressed for further analysis as;
The specific pressure difference llp , between positions on the leading and trailing pore surfaces and within the pore interior dictate the matter transport between surfaces, in accord with the Langmuir relation;
where M. is the mass of material transferred per unit area in unit time (a positive sign refers to net evaporation) and m is the weight of a molecule.
....
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Steady State Pore·Motion
For steady-state pore motion of an ·axisymmetric pore, conservation of matter within an element dx ( fig. 1) requires that the mass transfer rate M be related to the velocity,
where p is the density of the material and ds is the length of the pore surface within the element dx ( fig. l) , such that ds = dx/cose (5) where e is the inclination of the surface to the x-axis. The mass transfer rate within the element dx is also related to the vapor pressure differential (eqn 3) by; (6) where p* is the vapor pressure within the pore. Inserting eqns (2) and (5} into eqn (6} then yields the mass transfer rate;
(7} Hence, matter conversation within the pore requires that;
.
where the subscripts R. and t refer to the leading and trailing surfaces which can be rearranged to give;
Combining eqns (4), (5), (7) and (10) enables the steady state pore velocity to be expressed as; (11) Note that, for a finite velocity (v~ > 0), the chemical potentials along the leading and trailing surfaces, at the pore/boundary intersection, x=r The analysis can now be completed by noting that, at x = r while at x=O (12b) where ! 1 and 't are the partial dihedral angles at the leading and trailing surfaces respectively ( fig. 1 ), as related by;
Obtaining the average chemical potentials from eqn (12) , the pore velocity becomes;
(14} But, the average chemical potential is related to the average radius of curvature of the pore surface {eqn 1) and to the partial dihedral angle by;
The steady-state pore velocity can thus be expressed as;
.. e The dimensionless pore velocity, vp , plotted in fig. 3 , for several choices of 'l' , indicates approximate linearity with 'l't , as expressed by;
The radius of contact, ·r , between the boundary and the pore can also be deduced by requiring that the pore volume be independent of pore velocity. The volume, V , of a stationary pore with radius a is given by;
This expression, plotted in fig. 4 , indicates that an increase in pore velocity tends to appreciably diminish the pore radius (a behavior that contrasts with the insensitivity of the pore contact radius to pore velocity when the pore moves by surface diffusion~). The pore shapes that develop at the maximum are constructed for several different dihedral angles in fig. 7 .
The separation of pores from grain boundaries is governed by the requirement that the grain boundary velocity vb exceeds~~··· Noting that Pore drag, as expressed through the pore drag angle a. (fig. 12 ), can be addressed using the same procedures described in the preceding section to yield the. result (Appendix, eqn (A9)}; where t is the grain dimension ( fig. 12 ) and that, 2
the grain boundary velocity can be determined (see fig. 15 ). 
Comparison with the pore drag limit for surface diffusion dominated pore motion; 2
indicates that the evaporation/condensation requirement, specified by eqn (28),is subject to the condition (based on v~ > v~) that; • -13-approach to full density (a~) only obtain (subject to evaporation/condensation controlled pore motion) whenever the initial conditions satisfy certain prerequisites. These requirements, summarized in fi,g. 14, are predicated on the existence of both a continuous shrinkage zone (characterized by trajectories .1, 2 and 3 in fig. ·13} and an eventual coarsening zone (trajectories 4, 5 and 6 in fig. 13 ). Evidently, the initial pore and grain size must be located within the continuous shrinkage region to ensure that the final pore size tends to zero. The continuous shrinkage condition may be expressed by the approximate relation;
When pore drag is superceded by 1 intrinsic 1 coarsening, dictated by the mobility of the grain boundaries, the.differential equation governing . .
---~- Subject to matter conversation;
where At,! are the pore surface areas per unit length, .
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